We report the course of multiple sclerosis (MS) in a patient treated with tacrolimus, mycophenolate mofetil and tapering prednisone for three years post-liver transplantation for fulminant hepatic failure. To date the effect of solid organ transplantation on MS has not been reported in the literature. There is also little published experience with the immunosuppressive medications used and the efficacy of such combination immunosuppression in MS is unknown.
postoperative period was complicated by cytomegalovirus infection and acute rejection reaction.
She has not had any relapses of MS during the three years since transplantation and has very mild residual dysarthria and ataxia. Symptomatically she felt that the majority of her neurological symptoms had resolved by six months post-transplant and that she was virtually free of neurologic complaints by nine months post-transplant. Because of post-transplant complications specific to her liver transplant, it was difficult for her to distinguish mild MS symptoms from the posttransplant symptoms. Her EDSS decreased from 5.0 to 2.0 (mild residual intermittent dysarthria) within two months post-transplant and has remained unchanged between 1.0 and 2.0 throughout the post-transplant period; the burden of disease on MRI remained unchanged (143 mm 2 before transplantation to 113 mm 2 18 months post-transplant). The neurologic examination three years post-transplant is without neurologic findings other than the very mild dysarthria. She is currently maintained on low dose tacrolimus and azathioprine with normal allograft and renal function and reports that her quality of life has returned to the pre-MS state.
DISCUSSION
Our patient with significant pretransplant disability from MS has experienced a remarkable recovery post-transplant despite suffering from early medical complications associated with the transplant process. To date there is a void in the reported experience of outcomes in patients with MS undergoing solid organ transplantation and this report is the only one so far that reports on long-term neurological outcomes. From a solid organ transplant perspective, there is a tremendous discrepancy between the great number of patients in need of a solid organ transplant and the limited availability of donor organs creating a philosophy that allocation of scarce organs should be given to those with the best possible outcomes. An important aspect of our report lies in the fact that co-existing significant medical conditions, including MS, may be considered contra-indications to transplantation unless reports to the contrary are published.
In terms of immunosuppression (Table) , our patient received an induction pulse of methlyprednisolone at the time of graft implantation and a second pulse for the treatment of acute graft rejection. Maintenance oral glucocorticoids, however, were low dose and tapered over 18 months. Although studies of glucocorticoid therapy have reported benefit in short-term outcomes with high-dose pulse corticosteroids in reducing progression in patients with multiple sclerosis 2 and longer term benefit with cyclic high dose pulse corticosteroids, 3 it is difficult to attribute our patient's long-term favourable outcome to the transplant corticosteroid regimen alone. The cornerstone of all transplant immunosuppressive protocols is the calcineurin inhibitor class of immunosuppressive agents (i.e. tacrolimus, cyclosporine) which can be associated with a wide spectrum of n e u r o t o x i c i t y, including mild to fulminant leukoencephalopathy. 4, 5 Moderate or severe CNS toxicity is reported in a substantial number of patients treated with tacrolimus after orthotopic liver transplantation (21.3%) and cyclosporine ( 11 . 7 % ) . 6 Lesion location in cyclosporine and tacrolimus neurotoxicity may include only white matter lesions or mixed cortical and white matter lesions. 7 In terms of clinical use in MS, low concentrations of tacrolimus (0.3-0.7 ng/ml) in patients with multiple sclerosis showed minimal toxicity 8 and the use of mycophenolate mofetil or tacrolimus in patients with MS is rarely reported. 9 Cyclosporine monotherapy in MS may have a modest effect in MS that reaches statistical significance but is clinically questionable. 10 In general, the use of combination immunosuppressive therapy, to maximize immunosuppressive effect while reducing the likelihood of drug toxicity, has not been explored in MS clinical trials. We hypothesize that the combination of these drugs (induction followed by low dose maintenance once remission is achieved) may have produced the benefit in our patient and this approach may be worthy of further study. Whether these transplant immunosuppressive agents are comparable in terms of efficacy and adverse events to newer medications used in MS, such as mitoxantrone, 11 remains to be seen.
In general, improvement or resolution of co-existing autoimmune diseases post-transplant are invariably attributed to the effects of long-term immunosuppressive agents, most of which have limited clinical use outside of solid org a n transplantation. In our situation, an intriguing but, impossible to prove, possibility remains that the improvement was an effect of the donor organ itself. Despite its high risk, there are some reports of improvement in MS following hematopoietic stem cell transplantation. 12 In the stem cell setting, the immune system is ablated and then reconstituted which is not the case in solid o rgan transplantation. We note, however, that it is wellrecognized in the liver transplant literature that systemic microchimerism of donor cells occurs 13 and donor stem cells have also been reported to persist, and in some cases of close HLAdonorrecipient matches, significantly populate the hematopoietic system. 14 We cannot exclude the possibility that systemic microchimerism from a donor without MS may have resulted in some disease modifying effect. Steroids M e t h y l p r e d n i s o l o n e (Solu Medrol, Pharmacia & Upjohn, Mississauga, ON) 500 mg IV/day started intra-operatively with tapering over five days. Methylprednisolone 500 mg IV/day for three days for acute posttransplant rejection on day 11. Prednisone 20 mg orally/day, tapered and stopped on post-transplant day 541. Azathioprine 50 mg orally/day started on post-transplant day 544, increased to 100mg/day on day 662 as leukocyte count stable.
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Mycophenolate mofetil (Cellcept, Roche-Canada, Mississauga, ON) 2 g orally twice daily until post-transplant day 165, discontinued due to leukopenia. Restarted on post-transplant day 234 and discontinued on day 318 due to leukopenia.
Tacrolimus (Prograf, Fujisawa-Canada, Markham, ON) From post-transplant day 8 due to renal dysfunction. The daily dose was adjusted to achieve a target trough level of 5-10 ng/ml.
CONCLUSION
Post-transplant experience in MS is previously unreported but our experience suggests that in some cases, clinical improvement may occur after transplantation. The post-transplant clinical benefit may be a result of immunosuppressive therapy but the possibility that the donor allograft itself may have had some effect can not be excluded.
